Pepsin, like other enzymes, is removed more or less completely from solution by various insoluble substances. Dauwe (1) showed that insoluble proteins were particularly efficient in this respect. These results were confirmed by Abderhalden and coworkers (2). The writer found (3) that the quantity of pepsin removed by insoluble proteins depended largely upon the pH of the solution and that under certain conditions the ratio of the enzyme in the precipitate to that in the solution was the same as the chloride ion ratio. This result suggested that the pepsin was a negative ion and was distributed like any other ion in accordance with the Donnan equilibrium (4). In the acid range, however, between pH 2.0 and 5.0 the results were anomalous from this point of view since much more pepsin was absorbed than would be expected from the Donnan equilibrium.
edestin solution an amount of pepsin protein just equivalent to the peptic activity present and equivalent to the loss in pepsin protein from the original pepsin solution. The absorption of pepsin by crystalline foreign protein, therefore, consists in the absorption of the pepsin protein, as such, and does not separate the pepsin protein into an inert protein and an active pepsin group.
The absorption of pepsin by edestin shows a sharp maximum at about pH 4.0 and pepsin may be removed completely from dilute solutions by stirring with a suspension of edestin crystals at this pH. The pepsin protein may be recovered from the "edestin-pepsin" complex by allowing the "edestin-pepsin" to autolyze, or by simply extracting the edestin-pepsin with N/4 sulfuric acid at 0°C. The recovered pepsin may be identified by its tyrosine-tryptophane content which is twice that of edestin and by its content of basic nitrogen which is about one-quarter that of edestin. It may be readily recrystallized and obtained in the characteristic crystalline form and with the characteristic specific activity of the original crystalline pepsin. If a suspension of edestin crystals at pH 4.0 is added to increasingly concentrated solutions of either crystalline or crude pepsin surprisingly large amounts of pepsin are taken up by the edestin crystals and preparations may be obtained which contain nearly 50 per cent pepsin and are, therefore, one-half as active as crystalline pepsin itself and much more active than commercial pepsin preparations. The general form and appearance of the edestin crystals is not markedly changed, but if the suspension of edestin crystals in the pepsin solution is allowed to stand for several hours at room temperature the edestin gradually dissolves and the pepsin content of the remaining precipitate increases. On longer standing the precipitate becomes less and less in bulk and finally dissolves completely, so that the final result is a solution of digested edestin containing the original quantity of pepsin.
The rate of autolysis can be increased by dissolving the edestinpepsin precipitate in hydrochloric acid. The edestin protein is then very rapidly destroyed and there is left the pepsin protein. There is no change in activity during this process so that the autolysis of "edestin-pepsin" differs strikingly from the autolysis of pepsin itself, since in the latter case the destruction of the protein is paralleled by a corresponding loss in activity while in the case of "edestin-pepsin" the edestin is destroyed without any corresponding loss in activity. There is, therefore, no reason to consider the "edestin-pepsin" complex as having any activity of its own aside from that due to the content of pepsin protein.
If supersaturated solutions of autolyzed edestin-pepsin or autolyzed solutions of pepsin alone are allowed to stand, the pepsin precipitates out in the form of spheroids, as Dyckerhoff and Tewes have shown (5) . It is characteristic of proteins to appear in this spheroidal form when conditions are not quite right for crystallization or when they have not been sufficiently purified. The pepsin spheroids consist largely of pepsin but contain from 10 to 30 per cent non-protein nitrogen. They may be purified by solution and precipitation with acid or magnesium sulfate and the pepsin may then be obtained in the usual crystalline form.
The edestin-pepsin complex may also be formed by mixing cold solutions of edestin with solutions of pepsin. A precipitate forms which varies in composition and quantity with the pH of the solution.
The maximum quantity and the maximum activity again are found at about pH 4.0. If the relative concentrations of pepsin and edestin are varied at pH 4.0 the quantity of pepsin in the precipitate is a maximum when equal concentrations (by weight) of pepsin and edestin are mixed. Under these conditions the precipitate contains nearly 75 per cent pepsin and is about three-quarters as active as crystalline pepsin itself.
Since pepsin and edestin both have an equivalent weight of about 1,000 the precipitate having maximum activity corresponds approximately to three equivalents of pepsin to one of edestin. Since the molecular weight of pepsin is only one-sixth that of edestin this corresponds approximately to eighteen molecules of pepsin to one of edestin.
Similar experiments may be performed with the globulin from melon seed (Cucumis), as Waldschmidt-Leitz and Kofr~myi (6) have found, and also with gelatin. In both cases the pepsin protein removed from the pepsin solution and taken up by the solid protein corresponds to the loss of activity of the solution. to various pH with sulfuric acid, cooled to 0°C. and 1 gin. crystalline edestin 1 (La Roche) was then added to 25 ml. of the solutions. The suspensions were stirred for a few minutes and kept at 6°C. for 18 hours. The suspensions were then centrifuged, the precipitates washed with 10 ml. of water and dissolved in 25 ml. of N/20 hydrochloric acid. Samples of the original suspensions, the supernatant solutions and the solutions of the precipitates were then analyzed for pepsin nitrogen, total nitrogen, tyrosine equivalent and peptic activity by the hemoglobin method (7) . Pepsin nitrogen was determined by titrating the samples to pH 2.0 with hydrochloric acid and keeping at 33°C. for 3 hours. Any foreign protein is digested under these conditions and the protein nitrogen remaining is determined as usual by precipitation with hot trichloracetic acid. This protein nitrogen is called pepsin nitrogen. It is essential that hot txichloracetic acid be added to the cold pepsin sointion as otherwise the pepsin may autolyze while the solution is being heated.
The tyrosine equivalent is determined by the development of the blue color with Folin's reagent; 3 ml. of the solution is treated with the reagent and the measurement carried oht exactly as for the hemoglobin filtrate in the pepsin determination with hemoglobin. This gives the number of milligrams of tyrosine which would give the same color as the tyrosine plus tryptophane contained in the unknown solution.
The results of the analyses have been calculated to the basis of 1 ml. of the original suspension.
The results of the experiment are shown in Table I and Fig. 1 . There is a sharp maximum of absorption at about pH 4.0 and in this range 90 per cent of the activity is found in the precipitate. Correspondingly about 90 per cent of the pepsin nitrogen is also in the precipitate. The pepsin nitrogen is identified by the fact that it is not digested if allowed to stand in acid solution and by its content of tyrosine plus tryptophane (tyrosine equivalent) of about 0.64 mg. tyrosine per rag. pepsin nitrogen, while the tyrosine equivalent of edestin is about 0.34. In this experiment, owing to the low concentration of pepsin the specific activity of the precipitate is low and is only about 3 or 4 per cent that of the crystalline pepsin. 1 gin. of this preparation contained 0.65 gin. dry edestin, as calculated from the nitrogen content.
. The various fractions obtained in this way were analyzed for total nitrogen, pepsin nitrogen, tyrosine equivalent, and basic nitrogen and their activities determined by a series of methods (2) . Basic nitrogen is determined by dissolving the sample in 5 ~ hydrochloric acid and heating in the autoclave at 120°C. for 2 hours. Total nitrogen is then determined on 1 ml. of this solution; 2 ml. of solution is added to 2 ml. of a saturated solution of phosphotungstic acid in 5 ~ hydrochloric acid and the mixture left 18 hours at 0°C. It is centrifuged and the total nitrogen determined on 2 ml. of the supernatant solution. The difference between this figure and the total nitrogen is the basic nitrogen.
The results are tabulated in Table II and are expressed as the total nitrogen or activity present in the entire fraction. The results show that in this case about 1 per cent of the total activity and also of the pepsin nitrogen was taken up by the edestin. The edestin-pepsin had about one-half the activity of the original Parke, Davis pepsin on the basis of total nitrogen content, as determined by any of the methods used, except the gelatin viscosity method. The activity by the gelatin viscosity method is the same as that of the Parke, Davis pepsin so that the edestin has a slightly preferential affinity for the gdatinase fraction. After autolysis and precipitation with magnesium sulfate most of the activity is found in the precipitate which now has about one-half the specific activity, on a total nitrogen basis, of the crystalfine pepsin. This precipitate of amorphous pepsin when dissolved with alkali and then acidified and allowed to cool appears in the form of spheroids ("kugeln") mixed with a few crystals which have about the same specific activity as the amorphous precipitate. When these spheroids are dissolved and crystallized in the usual way normal pepsin crystals are obtained with the same specific activity as the ordinary crystalline pepsin except that they contain considerable gelatinase, as shown by higher specific activity as measured by the viscosity of gelatin. Once crystallized pepsin always contains more or less of this gelatinase fraction and four or five crystallizations are required to free the pepsin completely from the gelatin-splitting enzyme (9). I;3
When the specific activity is calculated on the basis of the pepsin nitrogen content, i.e. protein nitrogen which is not destroyed upon standing in acid solution, the specific activity remains constant throughout all fractionations, as shown by the lower part of the table3 In other words, the content of pepsin protein present in every fraction is just sufficient to account for the observed activity. The fact that this protein nitrogen is really pepsin nitrogen and not edestin nor one of its decomposition products is shown by the fact that the tyrosine equivalent and the basic nitrogen content is that of pepsin and not of edestin. Identification is made complete b y the actual recovery of typical pepsin crystals. The per cent actually recovered in crystalline form is rather small but is about what would be expected from a The method of determining activity by formol titration of Dyckerhoff and Tewes was not used in general since it is very troublesome and inaccurate but the It may be noted that the specific activity of this sample of Parke, Davis pepsin was only about one-half that usually found and also that the tyrosine equivalent per rag. nitrogen is slightly low. Both these results are due to the presence of an inert protein in this particular sample which is evidently carried through the adsorption procedure. This inert protein may be removed by allowing the solutions to stand longer in acid solution, but since there is a slight loss of activity under this condition this procedure could not be used for analytical purposes. The activity by some methods, especially edestin viscosity, differs from that previously obtained (8) owing to variations in the edestin solution.
results with this method agree approximately with those given by Dyckerhoff and Tewes, as shown in Table III . The casein solution used was made up as described by Dyckerhoff and Tewes (5) for their "pH 4.0 casein." However, the pH of this solution, as determined by the hydrogen electrode or quinhydrone electrode is about 2.35, although methyl-orange gives an apparent pH of about 4.0. Dyckerhoff and Tewes used the indicator method 3 for determining pH and their pH values are from 1 to 1.5 pH more alkaline than would be found by the hydrogen electrode method. This probably accounts also for the very alkaline optimum pH of digestion reported by these workers. Under the conditions used by Dyckerhoff and Tewes the casein is digested practically instantly, owing to the enormous concentration of pepsin added and the titration obtained represents the final stages of the digestion. Under these conditions the change in titration with increasing pepsin concentration is very slight so that there is a very large error. On the other hand, if the first part of the curve is used the increase in titration is extremely small and difficult to determine. The large quantity of enzyme used renders it difficult to obtain the initial titration since the reaction proceeds extremely rapidly at first and also renders it difficult to be sure that there is no change in pH of the casein solution caused by the addition of the pepsin. A number of very erratic results were obtained at first and were traced to marked changes in pH in the casein solution upon the addition of the pepsin. The table shows, however, that the activity of the various preparations agrees quite closely with that reported by Dyckerhoff and Tewes.
It will be noted that 24 mg. of enzyme gives only about 0.2 ml. more titration in 24 hours than 6 rag. of enzyme, i.e. a difference of 400 per cent in the pepsin concentration makes a difference in titration of only 0.2 ml. so that since the error in the titration is about 4-0.05 ml. there is an uncertainty of nearly 100 per cent in the method. The preparation of Cudahy pepsin used by Dyckerhoff and Tewes was apparently slightly more active than that used in the present experiments.
III. Extraction of Pepsin from "Edestin-Pepsin" with Sulfuric Acid
If edestin-pepsin prepared by absorbing pepsin with crystalline edestin is stirred at 0°C. with sulfuric acid at pH about 1.0, the pepsin dissolves out leaving inactive edestin crystals. The results of such an experiment are shown in Table IV . A preparation of"edestinpepsin" of relatively low activity was used purposely since it would be expected that a small amount of pepsin would be removed with more difficulty than a larger amount. The experiment shows that 80 per cent of the activity and of the pepsin nitrogen is removed from the "edestin-pepsin" by the first extraction with sulfuric acid. The three following extractions remove practically all the remaining activity and pepsin nitrogen so that finally a little more than 90 per cent of the total original activity is recovered in the washings. The concentration of pepsin nitrogen in the second, third and fourth washings and in the final solid are too small to be accurately determined owing 
IV. Effect of the Concentration of Pepsin on the Absorption of Pepsin by Edestin at pH 4.0, 6°C. from Crystalline Pepsin Solutions
Experimental Procedure.--About 10 gin. of twice crystallized pepsin was stirred in 75 ml. of water and N/2 sodium hydroxide added until the solution was at pH 4.0 (clear solution). The solution was diluted with water to the concentrations noted in Table V , cooled to 6°C. and 20 ml. of the various dilutions added to a series of suspensions of 1 gm. of edestin in 5 nil. N/10 sulfuric acid in 250 ml. Erlenmeyer flasks; the suspensions were stirred occasionally and left at 6°C. for 18 hours. They were then centrifuged and the precipitates washed with 20 rnl. cold water, dissolved in 25 ml. N/20 hydrochloric acid and allowed to stand at 24°C. for 24 hours. The solutions were then analyzed for peptic activity by the hemoglobin method, protein nitrogen, total nitrogen and tyrosine equivalent.
The results of the experiment are shown in Table V and Fig. 3 . As the concentration of pepsin is increased the quantity of pepsin in the edestin crystals increases until a maximum value is reached which in this case corresponds to about 10 per cent pepsin. As usual, the pepsin protein taken up by the precipitate is just equivalent to the activity found in the precipitate. The pepsin protein has the characteristic tyrosine equivalent of pepsin and also the characteristic specific activity.*
V. Effect of the Pepsin Concentration on the Absorption of Pepsin by
Crystalline The results have been calculated to the basis of 1 ml. of the original suspension and are given in Table VI and Fig. 3 .
When Cudahy pepsin is used the activity of the precipitate increases to a maximum which, however, is considerably higher than was the case in the experiment with crystalline pepsin solutions. The pepsin
nitrogen absorbed is again equivalent to the activity taken up by the precipitate. It will be noted that in this experiment the specific activity of the precipitate, calculated to the basis of pepsin nitrogen, is about 0.2 which is the usual value for crystalline pepsin, whereas in the preceding experiment it was only about 0.16. This is due to the fact that the crystalline pepsin used in the previous experiment was prepared from a commercial preparation which was peculiar in that it contained about 20 per cent of an inert protein very similar to pepsin itself and which could only be removed by five or more fractional crystallizations or by prolonged standing in acid solution. The preparation used in the experiment referred to had not been purified by fractional crystallization since it seemed possible that absorption by edestin might serve as a means of removing this inert protein. The results, however, show that this is not the case but that the inert protein is absorbed by the edestin to the same extent as the active enzyme so that the specific activity is not changed by the edestin treatment. The specific activity on a total nitrogen basis of the
.=o "edesfin-pepsin" prepared with Cudahy solution is about one-third that of crystalline pepsin and is, therefore, nearly twice as high as that of the original Cudahy pepsin. This is near the maximum activity obtained in any experiment in which crystalline edestin was treated with pepsin solutions. It corresponds to about 30 per cent pepsin which is equivalent to about 3 moles of pepsin to 1 mole of edestin or about one-half an equivalent of pepsin per equivalent of edestin. The results of both experiments are shown in Fig. 3 . The low activity of the precipitate in the experiment with crystalline pepsin is due to some accidental condition, such as stirring or length of time in which the edestin was in contact with the sulfuric acid since in other experiments "edestin-pepsin" which had a much higher activity was prepared from crystalline pepsin solutions.
VI. Changes in Edestin-Pepsin Suspensions with Time
In the preceding experiments the edestin crystals were stirred with the pepsin solutions for a few minutes and then allowed to stand at 6°C. for 18 hours. In the present experiment the suspension was stirred for about 1 hour at 0°C. and then continued at 30°C. in order to accelerate the reaction so that it would be completed in a convenient time. The results of the experiment are shown in Fig. 4 .
Experimental Procedure.--Pepsin solution, twice crystallized, pH 4.0. Edestin solution, crystalline (La Roche). 5 gin. edestin stirred with 20 ml. cold N/10 sulfuric acid and 80 ml. cold pepsin solution added. Suspension stirred at 0°C. for 1 hour and then at 35°C. 5 ml. samples centrifuged at intervals and precipitate dissolved in 5 ml. N/50 hydrochloric acid. Suspension, supernatant and precipitate analyzed for total nitrogen, total protein nitrogen, pepsin nitrogen and activity by hemoglobin method.
Total protein nitrogen: 1 ml. of solution plus 9 ml. boiling 5 per cent triehloracetic acid, cool, centrifuge, and wash precipitate with 5 per cent trichloracetic acid and nitrogen determined.
Pepsin nitrogen: 1 ml. plus 9 ml. N/20 hydrochloric acid, 37°C. for 3 hours. 5 ml. plus 5 ml. boiling 10 per cent trichloracetic acid and precipitate washed and analyzed for nitrogen.
Total protein nitrogen --pepsin nitrogen = edestin nitrogen. Activity: Solution diluted to contain about 0.01 nag. pepsin N/ml. and activity determined by hemoglobin method. 
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=. O'~--3o-c F1o. 4. Autolysis of edcstin-pepsin suspensions with time.
In the first few minutes pepsin nitrogen and the corresponding amount of activity are taken up by the cdcstin crystals and thcre is a corresponding loss from the filtrate. As the reaction procecds the quantity of precipitate becomes gradually less, the loss being due to loss of edestin nitrogen. The pepsin nitrogen and activity in the precipitate decrease, and increase to a corresponding extent in the filtrate. The specific activity of the precipitate, however, continues to increase and reaches a value of about one-half that of crystalline pepsin at the end of 24 hours. At this time there is only a very small amount of precipitate left and the solution is practically a solution of pepsin containing digested edestin. It will be noted that there is practically no change in the total activity or total pepsin nitrogen of the whole suspension at any time.
VII. Changes in Protein Nitrogen and Peptic Activity during Autolysis of Edestin-Pepsin at pH 1.5 and 35°C.
In the preceding experiment the edestin-pepsin autolyzed at about pH 4.0. If the edestin-pepsin is dissolved in hydrochloric acid the edestin is destroyed much more rapidly.
Experimental Procedure.--2 gin. crystalline edestin suspended in 10 ml. of 1~/10 sulfuric acid, cooled to 0°C. and poured into 40 nil. of a solution of cold, twice crystallized pepsin pH 4.0 containing 15 rag. of pepsin nitrogen per ml. Suspension stirred for 20 minutes, centrifuged and the precipitate washed with 20 mI. cold water. The precipitate stirred with 20 ml. water and titrated to pH 1.5 with 1~ hydrochloric acid; clear solution; total volume about 35 ml. This solution was placed at 35°C. and analyzed at intervals for total protein nitrogen, pepsin nitrogen and peptic activity by the hemoglobin method.
The results of such an experiment are shown in the lower part of Fig. 5 . As in the preceding experiment there is no change in the total activity of the solution as a whole nor in the quantity of pepsin nitrogen present. The total protein nitrogen decreases rapidly and is practically reduced to the value of the pepsin nitrogen in 1 hour. The specific activity calculated on the basis of total protein nitrogen, therefore, increases rapidly and soon reaches the characteristic value for pepsin itself. In the upper part of the figure is shown the result of autolysis of a solution of pure pepsin. It is evident that the course of the reaction is entirely different. In this case the activity decreases in proportion to the total protein nitrogen (pepsin nitrogen) instead of remaining constant as is the case with "edestin-pepsin" preparations. As a result the specific activity calculated on a protein nitrogen basis remains constant in the case of a solution of pepsin instead of increasing rapidly as in the case of a solution of "edestinpepsin." Autolysis, therefore, serves to hydrolyze the edestin from the "edestin-pepsin" and leaves the pepsin. It will be noted that a solution of pure pepsin loses considerable activity whereas there is very little loss in activity from the "edestin-pepsin" solution. This is due to the protective effect of the products of digestion on the enzyme, probably through the formation of an additional compound of the enzyme with the products of hydrolysis of the edestin.
VIII. Preparation o/Edestin-Pepsinfrom Edestin and Pepsin Solutions at Various pH
Experimental Procedure.--1 ml. of a 10 per cent solution of edestin in 5 per cent sodium chloride added to 10 ml. various concentrations hydrochloric acid and cooled to 0°C. 1 ml. of a solution of twice crystallized pepsin containing 1 rag. pepsin nitrogen per ml. added; precipitate appears. The suspensions kept at 0°C. for ½ hour, centrifuged and the precipitates washed once with 5 ml. cold water and dissolved in 10 ml. N/50 hydrochloric acid. The precipitate solutions were then analyzed for total nitrogen, pepsin nitrogen and peptic activity by the hemoglobin method. The edestin nitrogen is calculated as the difference between the total protein nitrogen and pepsin nitrogen. The results have been calculated to the basis of 1 ml. of the original suspension.
In the preceding experiments the edestin-pepsin was prepared by suspending edestin crystals in cold pepsin solutions. As shown by Dyckerhoff and Tewes, more active preparations may be prepared by mixing edestin solutions with pepsin solutions. The results of an experiment of this kind in which solutions were mixed at various p H are shown in Fig. 6 . The figure shows that, as in the case of the absorption experiments, there is a sharp maximum at about pH 3.6. The quantity of pepsin nitrogen found in the precipitate is again equivalent to the activity of the precipitate and at the maximum amounts to 50 per cent of the precipitate. The specific activity of the precipitate at this point, therefore, is one half that of pepsin itself. As the pH becomes more and more alkaline the quantity of precipitate increases rapidly as does the per cent of edestin in the precipitate until beyond p H 5.0 the precipitate is practically all edestin. 
IX. Effect of the Relative Concentrations of Pepsin and Edestin on the Compos#ion of Edestin-Pepsin at pH 3.8 and O°C.
Experimental Procedure.--Sointions of pepsin and edestin containing 2 ragnitrogen per ml. each, both at pH about 3.8 prepared and cooled to 0°C. A series of tubes was prepared containing 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 ml. pepsin solution and the total volume of the various tubes made up to 10 ml. with edestin solution. The tubes were kept at 0°C. for 1 hour, centrifuged and the precipitates washed with 10 ml. water and dissolved in 10 ml.
•/20 hydrochloric acid and analyzed for total nitrogen, pepsin nitrogen and peptic activity by the hemoglobin method. The edestin nitrogen was calculated as the difference between total protein nitrogen and pepsin nitrogen. The results were calculated on the basis of 1 ml. of the original suspension.
The results of an experiment in which the relative quantity of pepsin and edestin were varied is shown in Fig. 7 . Here the composition of the precipitate has been plotted against the composition of the original solutions. As the concentration of pepsin increases, the quantity of precipitate, its specific activity and its total activity, as well as the quantity of pepsin nitrogen, all increase and reach a maxim u m corresponding to equivalent amounts by weight of edestin and pepsin. As the concentration of pepsin is increased still further the quantity of the precipitate decreases but its specific activity and the proportion of pepsin in it increase slightly and then stay constant. The precipitate formed under these conditions consists of nearly three equivalents pepsin per equivalent edestin or three parts pepsin by weight per one of edestin since pepsin and edestin have the same equivalent weight. This corresponds to nearly 15 moles of pepsin per mole of edestin.
The results indicate that a definite compound is formed between the edestin and the pepsin. The isoelectric point of edestin is about pH 6.0 while that of pepsin is about 2.7 (11) so that within this range of acidity the edestin is present as a positive ion while the pepsin is present as a negative ion. According to Hitchcock (12) 0.45 gm. of edestin combines with 0.55 milliequivalents of acid. 1 gm. of edestin is slightly more, therefore, than I miliiequivalent. 1 gm. of pepsin combines with 1.1 milliequivalent of alkali so that 1 gm. of pepsin is also slightly more than 1 milliequivalent. It is possible to determine from the titration curves of the two proteins what per cent of the protein is ionized at any pH. If this is done and it be further assumed that the positive edestin ions react with the negative pepsin ions to form a slightly soluble compound, then the position of the maximum near pH 4.0 is correctly predicted. Since the precipitate, however, has varying composition it is not possible to account for its formation on this simple basis. If a series of compounds is assumed it is possible to fit the curves quite closely but so many arbitrary constants are involved that the results are not very convincing. It is evident, however, as the writer has pointed out previously (4) , that the formation of this complex is not very closely connected with the hydrolysis of the edestin since the pH corresponding to the maximum complex formation is around 4.0 while the maximum from the rate of digestion is near pH 2.0. It is probable that the reaction is quite similar to that between proteins and ordinary nucleic acids (14) and is not especially connected with the proteolytic activity of the pepsin. Unfortunately experiments cannot be carried out with inactivated pepsin since inactivated pepsin is insoluble through this range of pH.
It may be pointed out that in the preceding experiments the concentrated solutions of commercial pepsin used were highly supersaturated with regard to pepsin since the solubility of crystalline pepsin is quite low from pH 2.5 to pH 4.0. If concentrated solutions of crystalline pepsin had been used the results would have been entirely different since the pepsin would be precipitated froma the more acid solutions even without the edestin. Commercial preparations of pepsin contain some substances, probably protein split products, which prevent the precipitation of the pepsin protein and render very highly supersaturated solutions quite stable. However, if a 10 per cent solution of Cudahy pepsin, between pH 3.0 and 4.0 is inoculated with pepsin crystals and allowed to stand at 6°C. for several weeks quite an appreciable quantity of pepsin crystallizes out.
X. Absorption of Pepsin by Melon (Cucumis) Globulin (•5)
The preceding experiments were done with edestin but exactly similar results may be obtained with globulin from melon seed (Cucumis) as reported by Waldschmidt-Leitz and Kofr~nyi (6) . Experimental Procedure.--lO0 hal. of a solution of twice crystallized pepsin conraining 0.37 nag. pepsin per ml. pH about 3.5 cooled to 0°C. and 100 nag. of crystalUne Cucumis globulin added. The suspension was stirred for 10 minutes and centrifuged. 100 nag. of globulin was added to the supernatant and the process repeated. The supernatant was again extracted with 100 nag. of globulin. The precipitates were combined, dissolved with ~r/50 hydrochloric acid, the solution titrated to about pH 2.0 with hydrochloric acid and made up to 100 ml. and allowed to digest at 37°C. for 4 hours. The supernatant solutions and the solution of the precipitate were then analyzed for total nitrogen, pepsin nitrogen and peptic activity by the hemoglobin method.
The results of an experiment in which a solution of crystalline pepsin was treated with successive quantities of melon globulin are shown in Table VII . As the table shows, about half the total activity is removed from the solution by the crystalline globulin and at the same time a corresponding quantity of pepsin nitrogen is also removed. The total nitrogen content of the solution decreases at first and then increases as some of the globulin dissolves and in this particular experiment it happens to be practically the same after three extractions as it was originally. This is the result which was reported by Waldschmidt-Leitz and Kofr/myi from dry weight determinations and which led them to the conclusion that the active group had been removed from the pepsin protein and the inert protein left in solution.
As the present experiments show, however, this is not the case. A quantity of pepsin protein equivalent to the activity removed is taken up by the foreign protein and there is no evidence that the pepsin is decomposed into an inert protein and an active group. 
XI. Absorption of Pepsin by Gelatin at Various ptI Experimental
Procedure.--A series of suspensions of powdered isoelectric gelatin in various concentrations of hydrochloric acid, total volume 50 ml. was prepared and cooled to 6°C. for ½ hour. 1 ml. of dilute crystalline pepsin solution was added and the suspension stirred for ½ hour and filtered. The gelatin precipitates were melted at 37°C. and the solutions analyzed for pepsin nitrogen by precipitation with hot trichloracetic acid and peptic activity by the hemoglobin method.
In the experiments with gelatin reported previously (4), the activity alone was followed and no determinations were made of the changes in pepsin nitrogen since at that time it was not known that the activity was a property of the pepsin protein. The experiments have, therefore, been repeated and determinations made of the pepsin protein in the gelatin as well as of the activity. The results of the experiment are shown in Table VIII . As in the experiments with edestin, the quantity of pepsin protein taken up by the gelatin is just equivalent to the activity found in the gelatin so that in this case also the pepsin protein itself is taken up by the foreign protein. It will be noted that much more is taken up with isoelectric gelatin than by acid gelatin. This peculiarity was noted before (4) and was found to be due to surface adsorption on isoelectric gelatin whereas with acid gelatin the quantity taken up was independent of the surface.
XII. Inactivation of Pepsin by Alkali in the Presence of Edestin
Warburg and Christian (13) have found that the respiratory ferment decomposes into a protein and a non-protein fraction when the protein is denatured. Hemoglobin also possesses the same peculiarity. It seemed possible, therefore, if the pepsin were denatured by alkali in the presence of edestin, which is not affected by dilute alkali, that the active group might leave the pepsin and become attached to the edestin. In this case it would be expected that a loss in activity of pepsin solutions containing edestin in alkali would be less than the loss in activity of pure pepsin solutions at the same pH. This, however, is not the case as shown in Table IX . Evidently either pepsin does not decompose into two parts when the pepsin protein is denatured or if it does the prosthetic group has no activity under these conditions and edestin cannot replace the pepsin protein. The fact that active pepsin can be prepared from pepsin denatured by alkali indicates that splitting of the molecule does not occur although the yield of active pepsin is so small as to render this argument more or less inconclusive.
Experimental Procedure.--lO0 rag. of edestin suspended in 10 ml. of water and 1 ml. dilute crystalline pepsin solution added. Increasing amounts of alkali added to a series of these tubes and the suspension aUowed to stand at 25°C. for 10 minutes. Contro] series without edestin prepared in the same way. The pepsin activity determined by the hemoglobin method.
XIII. Spheroidal Pepsin
Dyckerhoff and Tewes found that an active precipitate could be obtained from autolyzed edestin-pepsin or from partly autolyzed pepsin solutions which appeared in the form of spherical, highly refractile granules which they called "kugdn" pepsin. These spheroids are characteristic of proteins which axe not sufficiently purified or which appear under unfavorable conditions for crystallization. The spheroids obtained from autolyzed "edestin-pepsin"solutionsconsist, as described under Experiment 2, almost entirely of pure pepsin with varying amounts of some form of non-protein nitrogen. The same precipitate may be obtained from pepsin solutions which have been allowed to stand and which are too acid and too dilute for crystallization to take place readily. They may be obtained as characteristic pepsin crystals by dissolving with alkali, precipitating rapidly in the amorphous form with sulfuric acid and crystallizing as usual. The results of such an experiment are shown in Table X . The activity was determined by several methods. The specific activity calculated on the basis of protein nitrogen is constant for the hemoglobin and casein method in all the fractions but is slightly low as calculated on the basis of total nitrogen. The specific activity, as determined by the gelatin viscosity, is high as is always the case when a small fraction is precipitated from incompletely purified pepsin solutions since the gelatinase is concentrated in such precipitates.
The analytical work reported in this paper was done by Mr. N. Wuest.
SUMMARY
Crystalline proteins, such as edestin or melon globulin, remove pepsin from solution. The pepsin protein is taken up as such and the quantity of protein taken up by the foreign protein is just equivalent to the peptic activity found in the complex. The formation of the complex depends on the pH and is at a maximum at pH 4.0.
An insoluble complex is formed and precipitates when pepsin and edestin solutions are mixed and the maximum precipitation is also at pH 4.0. The composition of the precipitate varies with the relative quantity of pepsin and edestin. It contains a maximum quantity of pepsin when the ratio of pepsin to edestin is about 2 to 1. This complex may consist of 75 per cent pepsin and have three-quarters of the activity of crystalline pepsin itself. The pepsin may be extracted from the complex by washing with cold N/4 sulfuric acid. If the complex is dissolved in acid solution at about pH 2.0 the foreign protein is rapidly digested and the pepsin protein is left and may be isolated.
